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Description 

Field of the Invention 

The present invention relates to an enhsnced-circulation effector comoosition and method for treatina a subject 
with small erfector molecules which are normally subject to rapid renal clearance from the bloodstream. 
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Background of the Invention 



po. y p A e n P r a: srri^s;^ ? r (,ess - 50 ^ 

cytokines and cellular growth factors for stimuS , ^ mc6y fra 9 ments ' for in active immunity; 

charides. which are capable of intend g ^ £ ^SZ^SST^ h ° rm ° neS; and P °** sac 

activated endothelial cells lining the b^J!!^fS£ wSZlS COmp * bv * block neu *<>P™ Ending to 

Other small polypeptide effectors have been proposed ft™ in. 3™ • . - , 
such as a CD4 + glycopeptide which is effective t S bind no of hi 9 T^™ ° f target ce,,s in the b, °°d. 
(Capon, Janeway). '* binci,n9 of human immunodeficiency virus (HIV) to CD4* cells 

Polymyxin B, a small basic peptide which is rapidly excreted hv «. 0 • , 

gram-negative bacterial endotoxins specifically f!! n t V the u k,dneys ' 15 known *> react with and neutralize 
tered parenterally as a treatment for ££SK S^SSiJL "£5^???" (LPS) " iS " 0t 0f1en adminis " 

tive treatment. High doses can be fatal due to renal tS' * J 9 " d ° SeS ° f P 0 '^'" B are *M™d for effec- 

The problem of rapid renal eJS^J^S^l^ fl? ° f 3h ° Ck t0 ««*■ 

thosediscussed above, which havebeen used fc^piS^^^^' 1 ^' * oBMr Sma " peptides > such as 
are smaller than about 50-60 Kdaltons wi.| be 'TT'' circulatin 9 P^-s which 

In some cases, peptide molecular w-inht JTk • T V a l,fet,me less than 1 " 2 hour s- 
the peptide with biologS SSSe^CS suTaS ST *? *"» ^ S ' 2e by derivati2in 9 

However, this strategy maynot aiways oe^fSS fo sma , SSS^lS,^ ^ ^ Pat6nt N °' 1 ^ 
5-10 Kdalton. Moreover, deriving a polypeptide ^ iS52?pm «2S ' eSS * an about 

activity, and/or mask key activity sites at the polypeptide cha.ns.may destroy or reduce the polypeptide 

As another approach to extending the period of action nf a * m =n 
agent may be encapsu.ated in macromolecuL p^rtSles such as Z—TJT^ f" a ™^ a ^ the 
at a selected site, e.g., in the bloodstream or at a ta oet ^rte i intn h f ' re ' SaSe ° f ,he aQent from the P artic ^ 
an effective molecular weight and circuSon time She tltirZ ,h ™f 39ent ' S fS,eaSed fr0m the P artic,es . » has 
rapid particle uptake by th ^reticuloendothelial Z^hbSu^^ ^ CaSe ° f conven «° na ' «P«om«i. 
as the liver, which may provide a mec^^«JK?™te^5^ , ^ n ? *" Pa ™ eS h RES tiSSUe ' such 

As an improved approach, the circulation me 6 ^t^"* 
coating the liposomes with a hydroohilic polymer VmA^^^JT^^ *" s&e ^ * 

Patent No. 5,013,556 (VWbodle ' The oolvmer coati™ 1 P°'y eth y |ene S'ycol (PEG), as described in co-owned U.S. 
teins. such as opsonins, to to^ZZZ^??-?^.?"*^ time * Ending of serum oro- 

liposome surfaces from serum pSSH 9 CharSS and/ ° r h *™Phc>bic sites of the 

a ttacn,- 3 ^ Jiposomes at a desired target site, by 

targeting when the antibody is attached directly to ftJC^^e^Tt T " h °" 8d antib0dy 
observed, presumably due to a steric-hindrance effert Thf ■ 9 $ ° me '° SS ° f an,ibody bincfin 9 w as 

mer-chain ends, although this approach wouW T^L^r^ZT I" anlib ° dieS to the P 01 ^ 

shying the Uposomes from surface charges and hydroph^ — 

Summary of the Invpntinn 

P-ySiSS^ «• »" mating a subiect with a poiypeptide or 

but which is rapid,y removed ^bS in «" in the bl0 ^-. 

having an outer surface layer of polymer chains and the e< f J«Z ? , ' ^ ^P 05 *^" '"eludes liposomes 

A preferred polymer ■^SJ^lZ ^^^Ti^^ t0 the diStal ends of the chai ^- 

weight. P V ' 9 yC0 ' W " h Chain ien S' hs betw een about 1 .000 and 10,000 daltons molecular 

Preferred effectors include: 

(b) a CD4 glycoprotein, for use in trsatina thp ^1 thiam v!r u#« + - - i 
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fltmT V • £S Sialy ' LeWisX ' WhiGh binds 10 endotheiial ,eukoc * e adhesion molecule 

ELAM), for use ,n treating a vascular .nflammation related to neutrophil recruitment into sites of inflammation; 

e) IL-1 inhibitor or IL-1RA, for treating (he subject to achieve immune-response suopression- 

f) polymyxin B. or polymyxin B decapeptide. for treating the subject for septic shock- 
g a peptide hormone, for treating diseases subject to peptide hormone control- and 
(h) a peptide, for use in blocking a ligand-receptor cell binding event. 

shock InlhisTm^nlT 1 ,' ** * com P^ition for use in treating the subject for septic 

shock. In this embod ment the liposome composition contains liposomes having an outer layer of polyethylene glycol 
(PEG) chains and polymyxin B attached to the distal ends of the polymer chains yenegiycoi 
In another embodiment, the liposome composition is for use in treating inflammation in a subject The composition 

SS^SS^S, 8 "^ T?r ° f hydrOPhi ' iC P0 ' ymer Ch3inS 3nd Sialyl L8WisX -valentiy aTaS to 
the distal ends of the chains. The hydroph,l,c polymer may be polyethylenegiycol, polyvinylpyrrolidone polmethvloxa- 

Brief Description of the Drawing s 

Fig. 1 shows steps for the synthesis of a maleimide of a DSPE carbamate of polyethylene glycol (PEG) bis (amine)- 

el. JfrrnuS^? e , Syn,he f iS ° f 3 diSUmde "^containing propionamide of a DSPE carbamide of poly-' 
etnyiene glycol (PEG) bis (amine); } 

Fig^S shows the synthetic scheme for the preparation of an aldehyde of an ethylene-linked PEG derivative of 

Fig. 4 illustrates steps in the formation of a PEG-dehvatized PE having a maleimide group at the polymer end- 
Fig. 5 illustrates steps in the formation of a PEG-derivatized PE having a bromoacetamide group at the polymer 
eno t 

Fig. 6 shows steps in the synthesis of a derivatized DSPE lipid having a PEG terminal hydrazide group- 

wJ . sh0w J ste P s in ,he synthesis of a derivatized DSPE lipid having a PEG terminal activated group (7A) 
wh.ch can be used to couple a variety of amine-containjng groups (7B-7D) to the PEG polymer ends- 
F.g. 8 shows steps in forming another PE derivatized by a PEG spacer chain having a hydrazide group- 
Fig 9 share the covalent coupling of a peptide, via a sulfhydryl group, to the maleimide of a DSPE carbamate of 
PEG bis (amine) shown in Fig. 1 ; 

SPJ^ric 6 C °,! ale "! C0 ^ HnS ° f 3 Peptid6 ' Via 3 SU,fhydryl 9rou P' t0 a disulfide linkage-containing propiona- 
mideof a DSPE carbamide of PEG bis (amine) maleimide of the DSPE carbamate of PEG bis (amine) shown in 

Fig. 11 shows the covalent coupling of a peptide, by reductive amination, to the aldehyde of an ethylene-linked 
derivative of DSPE carbamide of PEG (PEG), shown in Fig. 3; Fig. 12 shows a plot of a time course ofgaLmS 
LrS ?^TT? D lT^ S f 0i hydfa2ide PEG " DSPE ' Partially hydrogenated egg phosphatidylcholine (PHEPC). 

S^S^^^i 0 ^,"* ° r hydrS2ide PEQ - DSPE - hydrogenated serum phosphatidylcholine 
(HSPC), and cholesterol (PEG-H2 rigid liposomes) in the bloodstream; and 

^;JA Sh rL the arnin ° add sequences for P 6 P ,ides ide "««ed by SEQ ID NOS:1-10, in conventional single-letter 
amino acia code. 

Detailed Descrip tion of the invention 
I. Definitions 

Unless otherwise indicated, the terms below have the following meaning- 

tvnir^!nH f H- minQ *° ,Wd m * B ° f f ° rming part of a stabie mics,le or { ^some composition and 

eacte cnTl^l ° r hydrop ' Cb, ' C acyl ^carbon chains or a steroid group and may contain a chemically 
reactive group, such as an amine, acid, ester, aldehyde or alcohol, at its polar head group 

nivrnnSI p ° lypeptldeS ' mono or Polysaccharides, and glyccpeptides. Polypeptides, polysaccharides or 

glycopeptides may have sizes up to about 50-60 Kdaitons. 
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H. Effector Composition 



Smirch 2 ° <, PEC tT^" TT ""^"^ °< " p05 ™' s <"« <*« tamed «f h™„ohfc 



general procedures below. 
A. Lipid Componen ts 



Generally, these ve8.cle-rorm.ng lipids include any amphipathic lipids havina hydrophobic and polar head orouo 

rlrZl7 1 I °. 9 ■ d have varyin9 de 9 ress of ^saturation. The above-described lioids and ohos 

pnonp.as wnose acyl chains have a variety of degrees of saturation can be obtained commprriaflv nr nronaroH a/ s„ rtrr j 

SfcesteS meth0dS ' ° ,her ' ipidS th3t ° an bS inCiuded in the invenfon « Qlyooi^JS^SS 

w S T nd f nSral COmponent includes a vesicle-forming lipid which is derivatized with a polymer chain which will 
orm the polymer layer >n the composition. The vesicle-forming lipids which can be used as ttf^gZZX^ 

ET!P«Sn? "h °' th ° Se d6SCribed 9enera ' -side-forming lipid component .Ves 2e form ng 

anolamte ST^L^t f PR ° £ph ° iipids ' are preferrsd - ° ne ™P"ary phospholipid is phosphatidyl 

exempTr 6 PE is diSear^PE SspT " am ' n ° 9r ° UP " C ° nVenient * C0UP "' n9 * P ^ A " 

ularSfeSntooo I^T^ ^ " P ° ,yethyl6ne S iyc0 < ^ preferably a PEG chain having a molec- 

c^r^ tactic acid, polyg.ycolic acij USSi 

hP ^rM^H 0 ^ 0901 ^ 8 ' 3 ° r ' and0rn copolymers of these polymers, particularly including PEG segments may 
dLcrS Meth ° dS prepann S Privatized with hydrophilic polymers, such as PEG, well known e g as 
described in co-owned U.S. Patent No. 5,013,556. 9-1 as 

SO m« e t h^iT era ! VeSiCle / f0rniin9 lipid com P°"ent is a lipid anchor by which the effector is anchored to the lipo- 
somes, through a polymer cha.n ,n the anchor. Additionally, the effector is positioned at the distal end of the polymer 

2EL Way H° I?? 6 biC,09iCal ° f thS Sf,eC{0r is not lost ' "oid anchor JXSS£££^ 

I a * 71 f ° r thS " P ' d i0 the ° UtSr ,ayer 0f the ,iposome bila ^ surface, a polar head group to which *T2£ 

coSa r4 P S r ^r^ and 3 freS {eXtefi0r) P0,ymer snd ^ is « can * S ov St 

coupl.ng to the effector. Methods for prepar.ng lipid anchor molecules of this types are described below. 

B. Liposome Prenaraflnn 

m ^Sc\tl?Z^ a be P ? pa,ed dy a vanety * techniques, such as those detailed in Szoka et a/, 1980. Mm.. 

SScKSfT? " r P ' e ' ipid " film hydra,i ° n technipues ' ln ,his procedur * a of liposome- 

orm.ng l.p.ds of the type deta.lea above d.ssolved in a suitable organic solvent is evaporated in a vessel to form a thin 

^0 ftoVo micrs^ ^ " aqUS0US m6diUm iiP ' d *" hydr9tSS { ° *™ M ^ typica » y "h s^eJ bet^en 

vesicteto^ZT;? USed ' ♦ 'T 1 " 9 ?' ' iP0S0meS are Preferably piesent in 5 ™ lar rati ° * about 70-90 percent 
ZTll%Tyn P f percent .P 01 ^'- Privatized lipid, and 0.1-5 percent lipid anchor. One exemplary formulation 

Sme ^ 

?SS?il^^ y rea . a ' Ve 34 !tS Snd f ° r 6ffeC50r C0Uplin 9' 5 - 10 mole percent ^ derivatized with 
PEG 3500 polymer cha.ns. and 1 mole percent a-tocopherol. The liposomes are preferably prepared to have substan- 
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tially homogeneous sizes in a selected size ranae, typically between a^out oovrnq m;^™* o « 
method for pra= and mi \/«= ;«w«i» ^ A ~r uetween acout u.03 io 0.5 microns. One effective sizing 

metnod for REVs and MLVs involves extruding an aqueous suspension of the liposomes throuqh a series of nrlvwr 
ton* membranes having a selected uniform pore size In the range of 0.03 to 0 2 niS S * J a 

C. Effector Component 

is SSfSSK T Whi °H h neUtraNzin9 «**» a9ainSt 3 9 jven P ath °9 en - composition 

aniens ^ t0 hUm ° ra ' immunity a S ains{ <* a variety of selected pathogenic 

irsa^soS^T^lTr^ C3n , be aCC ° rdin9 t0 methods (Har.ow). The 

X rlLmEnfnN.A h hU ™, n monoclonal antibody (M ab ). Such antibodies can be prepared by pub- 

2 CD4 Glycoprotein Factor . The CD4 glycopeptide is a region of the CD4 receptor of CD4+ T coils rCaoonl ThP 

l,TlTc "h in? f i0n ° f CD4+ T Ce " S by blCCki " 9 ^0-mediated P HIV bind^ to he Preceptor 
The effector can be produced according to known recombinant methods (Maniatis) P 

tin n^i" 6 !" I CYl0Ui T 9iVSn in Tab ' e 1 bel ° W are exam P |es of cvtokine s which are useful in the present inven- 
tion. The cytokmes may be obtained by recombinant production methods, according to published procSres The 

%S£^"£Z^TT hav h e been described in the ,itera,ure (se * 

£7Zoon^Z^Z^ adminrstered on a short term basis to enhance a weak immunogenic or weak microbi- 
or AIDS (wZd™} admin ' Stered on 3 ,on S ^ basis as part of a therapy treatment for cancer 



Table 1 



■ ■ • ■ . 


.-. ; -■>'. •• : - 

■ ■s.:;;.-'-. : :t' : :?t:.y ..." 


A. Mediators of Natural Immunity 


IFN-alpha 


18 kD (monomer) 


IFN-beta 


20 kD (monomer) 


Tumor necrosis factor (TNF) 


17 kD (homotrirner) 


Interleukin-l (aloha and beta) 


17 kD (monomer) 


Interleukin~6 


2 6 kD ( monomer ) 



EP 0 689 428 B1 



:: - . • ' - • : ■ . * 


Iff:'- yvpi^^ 

#,:... •. • . . ,.- : • •- ■* • •' ' 


Interleukin-8 ' s 


8-10 (monomer or dimer) 


L' SSSjg Lyaph ° Cyte Acti^^ou, Crowt* and Oif- 


lnterleukin-2 


14-17 kD (monomer) 


Interleukin-4 


20 kD (monomer) 


Tr ana forming growth factor (beta) 


14 kD (monomer or dimerl 


C. Mediators of Ef factor Ceil Adhesion ~ "~ I 


Gamma Interferon 


21-24 kD (homodimer) 


Lymphotox in 


24 kD (homotrimer) 


Interleukin-5 


20 kD (monomer) 


D- Mediators of Mature Leukocyte Growth and Differentiation 


Interleukin-3 


20-26 kD (monomer) 


Granulocyte-raacrophaoe Colony 
Stimulating Factor 


22 kD (monomer) 


Macrophage Colony Stimulating Factor 


40 kD (dimer) 


Granulocyte CSF 


19 kD (monomer) 


Interleukin~7 


25 kD (monomer) 



4. ELAM-1 Binding inhibitor . Inflammation causes the expression of a polypeptide, endothelial leukocyte adhesion 
molecule- 1 (ELAM-1 ). on the surface of endothelial cells of blood vessels, adjacent to sites of inflammation ELAM- 
1 , in turn recognizes and binds a polysaccharide moieiy, sialyl Lewis" on surfaces of neutrophils, and recruits neu- 
trophils to sites of inflammation. By preventing the recognition and binding of neutrophils by ELAM-1 excessive 
inflammatory responses due to conditions, such as reperfusion injury, septic shock, and chronic inflammatory dis- 
eases, can be avoided. 

In this embodiment, the effector is the tetrasaccharide, sialyl Lewis*, recognized by ELAM-1 (Phillips) for ther- 
apeutical use in preventing excessive recruitment of neutrophils to sites of inflammation in the blood stream The 
effector 6 produced by the glycosylation mutants of Chinese hamster ovary (CHO) cells, and may be obtained in 
purrfied ,orm from the cultured cells (Phillips). Alternatively, the effector is produced by chemical and/or enzymatic 
synthesis (Borman, Ichikawa). 

5. Inhibitors of IL-1 Activity The effector in this embodiment is an IL-1 inhibitor, or IL-1 receptor antagonist (IL1 RA) 
which blocks binding of IL-1 to receptors on lymphocyte cell surfaces (Stylianou) 

IL-1 production is stimulated by both endotoxins which cause septic shock and exotoxins which cause toxic 
shock syndrome (Dinarello). IL-1 production during septic shock or toxic shock may exacerbate the clinical symp- 
toms observed ,n patients. Therefore, use of an IL-1 inhibitor effector to decrease the clinical symptoms associated 
with either toxic shock or septic shock may be beneficial. 

IL-1 inhibitor is a 52 to 66 Kd polypeptide that binds specifically to IL-1 to inhibit its immunostJmulatory 
responses IL1 RA is a 23 to 25 KD polypeptide that competes with binding of IL-1 to its cell surface receptors to 
inniDit IL-1 s immunostimuiatory responses. 

6. Polymyxin B . This effector is a cationic detergent with a hydrophobic portion (6-methyloctanoyl) and a short basic 
7r^f, o! r° Poi y™W" 8 ^cis with and neutralizes gram-negative bacterial endotoxins, specifically E. 
COl, 01 1 1 :B4 Hposaccharide (LPS) (Baldwin). Polymixin B is used in the treatment of gram-negative bacterial infec- 
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u™ ri !!T P °' ymyXin 8 mUS1 bS adminis ^ gently and in high doses because of its raoid clearance from the 

^^^t^*j%% tss:zT 8 can be ~ ~ ~ 

ne 9 ^ exotoxins. ^X^^^S^^ ™ ™* «~ *»" 

7. Peptide Hormone. This effector can be used in the treatment ni s/arinne Hi e J!™ i - 

T' ww , ch ,rr a ™"° J^^^s^sss^ss 

cancers are characterized by uncontrolled osteoblast division (Kano). Alternatively, the peptide hormone can h! 
a tnt? r9 I 8 P K S ° m ! t0 Ce " S ihat C ° ntain fecept0rs for a s P^ if ic P*** hormone 

LSSSLo ^ 7 P a *°!°Sical conditions involve ligand-specific cell-binding events where a molecule 
adheres to the surface of a cell v,a a ligand. For example, the ligand laminin mediates the binding of maltan^n ce Is 
to basement membranes, an initial step in formation of metastatic tumors. Attachment of some baSe ia such as 
hf^rT' t0 < h T eprthelia ' C6l,S iS mediated by a "sand-binding event, as is the ^bVnSing o^virS par ic es to 

£ the ligand for receptor site, Inhibition of the Z^S^^rS^S^ 

m J^ h ^H°TV A l e f e f°' iS 9 PSptide e " ective t0 blocka 'isand-receptor cell-binding event The peptide 
ZI Z t ? t0 : nh,0lt ' nfeCti0n by human "n™noda«ctoncy virus (HIV) by inhibiting virus par icle attach 
ment to T cells, where the peptide has one of the amino acid compositions Via 1 3 V SEC ID wn i SSSfSS 
.0 NO.2 (Nehete); SEQ ID NO:3 (Nehete); SEQ .D NO:4 (Neh e te)Tor S^nS (Nenete) " 
The pept.de may be effective for retarding tumor metastasis, by inhibiting the binding of free tumor ceils to 

Shi S } ' ?^ (humptines); SEQ ID MO:9 (Iwamoto); or SEQ ID NO:10 (Kawasaki) 

Other bindmg-related peptides, such as those useful for inhibiting Pseudomonas infection by inhib tinq bacte- 
nal attachment to epithelial cells {e.g.. Sastry, Lee) may be employed. 

D - Attachment of Effector to Liposcmft Harripr : . 

oiinrT inSS attachmentto "P 080 ™ carriefS ^ polymer end of a lipid anchor is activated- prior to effector cou- 
22"™ * I 9 SPeCmC examp,es ' b0ih lipid ^ and activation reactions &eriSdr?S S 

tons are shown w,th respect to the free lipid, distearylphosphatidylethanolamine (DSPE) The acSedTp'ic i anchor 
are then incorporated into liposomal carriers, as described above activated lip.d anchors 

r a naTo^£r,l^J ?° termma ' Qr ° UP ° f * e " pid anchor P rior t0 f ^tion is that a broader 

1™!°^ I I tS and reaCt ' 0n conditions ™y be employed. Further, the liposomes themselves are not 

71 ZZi 9 Tf" 55 - ThUS ' lhe need t0 fem0Ve rea ^ nt contaminants from the liposomes avoid! 
somal oa rts I solT 1 theaCtiV5ti0n r6actions ™* be P arf — d after lipid anchoNncorporato int 7n P c 

posomes One ^ t ^ * T'* d8Sirab,e ,0 3Ctiva,e the terminal PEG groups ™ P"**£d 

Es and thu^ fhtTi 9 at f 1 S aPpr ° aCb 15 tha< the activation reaction is c ° nfif ^ to the outer, surface-accessible 
lipids, and thus the activated groups can be completely quenched prior to use of the composition in theraov The 
approach ,s also preferred for reactions in which the activated PEG termini are unstable in 3r ^ 

chain 'sfrefp^VnT r 1 ^/ f DSPE dsrivatized with a PEG c ^in and having an activated chemical group at the 
cham s free end. Inrt.ally, rEG b.s (amme) (compound I) is reacted with 2-nitrobenzene sulfonyl chloride to Generate the 

theS^ " ) 2 C rr nd " " reaCt6d ^ Carb ° ny ' diimida20le in S^e (SS 

tne imiaazoie carPamate of ihe mono 2-nitroben2ene-sulfonamide (compound III) 

sulfonyTS DSPE " TEA f °Jr the deriVatiz6d PE iipid protected at ona ^ wiih 2-nrtrobenzyl 

sultonyl chloride. The protecting group is removed by treatment with acid to give *he DSPE-P^G nrndnct (mmnn.Jrt 

tra. Jin F° 9 T U " d " rMCt ' e '""^ "°" P5 - *" C °"<" m ">™Sh a Mother linkage, a s llus- 

imirlvl T » nvriHx/iHUh,,,^ 'vd.izeo iipio. Mere t ne PE-PEG (compouno IV) from above is treated with N-succin- 

^TTT 0S (C ° mPCUnd V, ° 50 f0fm lhS anch ° r lipid PE " PEG ( c ° m P° und The com- 
pound can react with a sulfhydryl group or a peptide to couple peptide to the lipid through a disulfide linkage as 
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illustrated in Fig. 9. 

Another reaction method for coupling a protected polyalkylether to a lipid amine is shown in Fig. 3. In this reaction 
scheme. PEG (compound IX) is initially protected at one of its terminal OH ends by a trimethylsilane group, as shown 

h8 J° P , m r ' 9 c ^ ' " e pr0t6Cted FEG ( com P° und X ) ^ reacted with the anhydride of trifiuoromethyl sulfonate to acti- 
vate the free PEG end w,th trifiuoromethyl sulfonate (compound XI). Reaction of the activated compound with a t d 

^h^Pcr h" the . Pre f RCS ° f Wf t, Vta«*». ^ release of the trimethylsilyl protective group by acid treatment 

h i f « J T ,nf^r e i COmpOUnd Xl ° C ° ntaining 3 terminal alcohoi 9 rcu P wnich ^ oxidized in the presence of 
d.methylsulfoxide (DMSO) and acetic anhydride to convert the terminal Oh' to an aldehyde group (compound XIII) which 
van be coupled to a peptide via reductive amination. as illustrated in Fig. io. Reaction details are given in Example 2 

More generally the derivatized lipid components can be prepared to include a lipid-polymer linkage, such as a pep- 
tide, ester, or d.sufide linkage, which can be cleaved under selective physiological conditions, such as in the presence 
of peptidase or esterase enzymes or reducing agents, such as glutathione, present intracellular^. 

An alternate general method for preparation of lipid derivatives of PEG suitable for coupling to effector molecules 
involves omega-ammo carboxylic acids of PEG (such as compound XIV) as starting material and is illustrated in Figs 
4 and 5. Methods for preparing such heterobifunctionai PEG derivatives have been described by Zalipsky. ef a/ (1 986 : 
1990). In the F.g. 4 reaction scheme, an omega-amino carboxylic acid of FEG (Zalipsky, et a/., 1986) is reacted with 
maleimido prop.onate N-hydroxysuccir,imide ester (MPS, Pierce), using an excess of MPS. The carboxyl grouo of the 
resulting male,mido-PEG (compound XV) is then reacted with a lipid amine, such as PE, in the presence of N-hydrox- 
ysuccinim.de to link the PEG to the lipid through an amide linkage (compound XVI). The maleimido group at the "free" 
end of the polymer is reactive towards thiol-containing ligands, proteins, e.g., immunoglobulins and fragments thereof 

A related scheme is illustrated in Fig. 5, which shows initial formation of a terminal bromoacetamide group on a 
PEG carboxylic acid (compound XVII), by reacting an omega-amine carboxylic acid of PEG (compound XIV) with bro- 
moacetyl N-hydroxysuccinimide ester. The PEG is then coupled to a suitable lipid amine, such as PE, as above to form 
the derivatized lipid (compound XVIII). The bromoacetamide group, being more selective and more stable than a male- 
imide group, will allow more flexibility in the methods used for liposome formation and loading. 

i he reaction scheme shown in Fig. 6 is for the preparation of a derivatized lipid in which the free PEG end is an OH 
group (omega OH group). In the reaction illustrated in Fig. 6, the omega-hydroxy carboxylic acid of PEG (compound 
XIX) (Zalipsky, 1990) is esterified with methanol, to protect the terminal acid group (compound XX) The terminal 
hydroxy! group is then converted into a functional group reactive towards primary amines (Zalipsky. 1992a) for exam- 
ple, a succmimidyl carbonate (SC) derivative (compound XXI). This compound is formed by reacting compound XX with 
phosgene, with subsequent reaction with N-hydroxysuccinimide (Zalipsky, 1992b). The resulting SC-PEG-C0 2 -Me 
(XXI) reacts with a lipid amine, such as DSPE. to form the DSPE-PEG-C0 2 -Me (Compound XXII). The methyl ester can 
be cleanly hydrazinolyzed to yield PE-PEG-CO-N 2 H 3 (compound XXIII), as shown. This hydrazide-containing PEG-lipid 
is incorporated into liposomes by conventional methods. The hydrazide group can be used for attachment of aldehyde 
or ketone containing effector molecules. 

Such carbonyl groups exist or can be easily generated on numerous carbohydrate containing molecules, e.g. oli- 
gosaccharides, nucleotides, low molecular weight glycosides, lectins, immunoglobulins and other glycoproteins by 
chemical (periodate oxidation) or enzymatic reactions (galactose oxidase). The linkages formed, hydrazones. are rea- 
sonably stable at pH > 7.5, but are cieavable by acid catalyzed hydrolysis at lower pH values. These linkages can be 
stabilized by reduction, e.g., with scdium cyanoborohydride. An advantage of this approach is the stability of hydrazide 
groups which will allow for the use of a wide array of liposome formulations and loading protocols. 

Alternatively, as illustrated in Fig. 7A. the o>-hydroxy carboxylic acid of PEG (compound XIX) can be used for reac- 
tion wrth ammo groups of PE derivatives, can be initially coupled to the amine lipid, e.g., DSPE. to form the derivatized 
lipid (compound XXIV). i he terminal OH group of this conjugate can be activated, for example, with disuccinimidyl car- 
bonate (DSC), to form SC-PEG-DSPE (compound XXV) for selective reactions with a variety of amino-group containing 
compounds. Chemical reactions are described in Example 4. These amino-group containing compounds will also pos- 
sess at least one other functional group to which numerous effector molecules may be attached. The attachment of the 
effector molecules may occur before or after liposome formation. 

In one case, as illustrated in Fig. 7B, the SC-PEG-DSPE is reacted with 2-aminoethanedithiopyridine. The deriva- 
tive formed (compound XXV) can be used in two ways. The dithiopyridine group is reactive towards thiol-containing mol- 
ecules and it is qurte stable in a variety of conditions. Using mild reducing agents, e.g., p-mercaptoethanol. it is possible 
to convert the dithiopyridine groups on the liposomes into free thiols, which in turn can be used in various conjugation 
procedures involving ligands containing alkylating maleimido or bromoacetate groups or reactive mixed disulfide qrouos 
like dithiopyridine. 

In the reaction illustrated in Fig. 7C, the SC-PEG-DSPE is reacted with aminopropanediol. producing a dioi termi- 
nated PEG-lipid (compound XXVI!) . After incorporation into a liposome, the dioi can be oxidized with periodate under 
mud conditions ([I0 4 -] s 10 mM, 4°C) to provide a reactive aldehyde. The aldehyde containing PEG-liposomes will react 
irreversibly with a variety of aminc-containing effector molecules in the presence of sodium cyanoborohydride 



EP 0 689 428 B1 



In the reaction illustrated in Fig. 70 SC-PEG-DSPP fc rannioH ^ ^ r,^^*~ 
PEG-hposomes obtainea by th s orocess can be used fnr ^nii ■ aiaen/ae Deanng 

vant and might be useful in vaccines (Zheng). y a0 ac!ju ' 

In another procedure, illustrated in Figure 8 and described in Example 5, DSPE-PEG-hydraztie is nremrprf F ; r c t 

cies <J pS Ih"" 1 ethy ' T yan£t0aCetate in thS prSSence 0f trie ^amine to in^S^^S^ spe 
n OI ?nH ™ e t ™ a *°*V'a^ secies is purified by ion-exchange chromatography on DEAeiStom 
pound XXIX, identical to compound XIX) ComDound xxiy te ro=^t=d ,L,„ , , V. y oepnaaex (com- 

Boc-hydrazide derivative of PEG tomoLnd Tnl 1 h ^ 8rt ' bUtyl carbazateto ^nerate the hydroxy 
carbonate to activate Zler^^" ^(2S2»SS n™ , " ^ nf ion With disuccini ^ 

hSS f 6 ' S the / nCorporsted int0 >ipo3om eS . These hydrazide groups are reacL towards ^aWehvdes whic^ as 
described above can be generated on numerous biologically relevant compounds araenydes. which as 

™r J!! 8 ""I |USt described ma y be a PP |ie d to a variety of lipid amines, including PE cholesteryi amine and olv 
cohpids with sugar amine groups. It will be appreciated that a variety of a«en^«Lpil^Sr»TSjSS?£ 
those just described are suitable for preparing vesicle-forming .ipids derived with "ydrophTc po ymers sue as 
PEG, having terminal groups which are activated or are reactive in protein coupling reactions. 

m-lSSf^^^ 2 ^- *? a,6imides are wide| y used P ro, ein modifying reagents and are especially useful when the 
t t l S r ^ tW ° fUnCt ' 0nal 9r ° UpS in 3 het erobifunctional crosslinking reagent. The reaction of Iteimides 
with sulfhydryl groups involves Michael addition of the mercaptane group t > the activat ed doub bon Reaction 
with ammo groups occurs by the same mechanism, but at a much slower rate. Since mercaptane is the moS Sal 

ToZ^\^:1 f neutra, ,r the maleimide 9raup can be - ad * a -S^Ji^CS 

groups and good selectivity is usually achieved, y 

(comZn^Tn^f^'T"!' 3 derh/ati26d such as PE - p EG. is formed with a terminal maleimide group 
22 V ' a " d XVI ' as ,llustrated ln F '9S- 1 and 4 above. The lipid, after incorporation into liposomes is then 
Z lrl 3 , su,fh ,y a 7 i - containin 9 Effector, typically a polypeptide, under suitable coupling conditions^ reac 
ion of the male,m,oe hpid (compound VI or XVI) with a peptide sulfhydryl group is illustrated in Fig 9 As shown 

pound XXXIII). Use or the reaction to couple proteins to liposomes is described in Example 6 

In th.s example the efficiency of p-galactosidase coupling to liposomes containing a maleimide coudira aoent 

; n o oZt:tz a T cs H of pe - peg35o ° is compared - The ™**» — « £ ess sse 

bSe 1L2l^STE!SS?; nB - T* (a) ° SPE denvative ° f SUCCinimid y' Ap-maleimidoph? 
PeSo 9 ° N-di-maleimido-undecanoyl) (C1 1). or (c) the maleimide of PE- 

nasT^ll 0 ** 09 reaCti0n ,' Perf0rm6d 35 deS ° ribed ab0ve ,cr the amount ° f liposome-bound enzyme 

ZZ^Tt ? ♦ 7 01 P ° SOmeS W3S meaSUf8d b * scintillation counting and the recovery of protein wal 
measured by the beta-galactosidase assay and direct quantitation of the protein amount 

,nm~ "JSf " ™t 3 ° f DSPE carbamide of PEG35 °0 was very effective in crosslinking 0-galactosidase to lipo- 
erTni TZ 1 TT" ***** ° f PE - PEG3500 chai ^- As seen in Table 2, thel-e was essentialfy no de- 
ference in the amount of protein crosslinked to either type of liposome in two separate experiments In addition the 
amount £ protein coupled to the PE-PEG maleimide was much higher than to either the MPbTmpT^Z 
Zorol* r P T£c "T- ac ! iv f d " PE - PE <33500 in the liposomes had little effect on the levels of coup.'g of 

KrMPB^r'r^ 68 - but inhibited ,he ,evei o< pro,ein coupiing to ~ 
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Table 2 




'P.hehqtijspe.".. . .' :,;f'i 




Background binding in the absence of crosslinker 

Soo-Jooo n"f So? t6d ; ^Sround values ?angf from 
jo.o iooo ng protem/ M mol lipid. There was a 

3 0%f e Sg h e? r in^ 9r ° Und ValSeS t0 ^-hat (10- 
not be I?;^J? ^ P res ^nce of PEG-DSPE; this may 
^nVT n Slgniflcant - Multiple entries denote 
multiple separate cross linking experiments 



^^,^4^^' pr9nip mniiflp - The reaction of dithio propionamides with the sulfhydryl group pro- 
duces coupling to the sulfhydryl-containing molecules via a disulfide linkage. Disulfide exchange occurs readily at 
pH 8jn a nonreducing i environment The method involves reaction of a thiol group in a peptide with a liposome pre- 

SSih .SSL r i LP^Pionamide). The reaction couples the protein to the liposomes 

through a disulfide linkage as illustrated in Fig. 10 (compound XXXIV) 

^Reductive aminotion. In this procedure, the terminal hydroxyl group of a PEG chain, covalently linked at one end 

I! Jn 5 °? n r e l ° 6 a ' dehyde by mi ' d ° Xida,i0n - The oxidation steo ma V ba ca ™d out before or after incor- 
thJ S! 1 ? lipo * 0 ™ s 10 P rcduce {he aldeh Vde form of the derivatized lipid (compound XIII in Fig. 3). Reaction of 

2,22 5 f ! * J7 ne 9 ™? ° f an effeCt ° r m0 ' ecule 9iv9S the Scm bsse (compound XXXV) which is then 
reduced to the cesired der.vat.zed lipid with amine-group linked peptide (XXXVI). 

rnc^L in ^2 d r a ? Ve ; thS P °' ymerS C3n alS ° be aC!ivated for effector cou P |in 9 in Preformed lipids, i.e., with the poly- 
»Tl?n P 'f 3 y ,ncorporated int ° "Posomes. One advantage of this approach is that only polymer moie- 

OH I '! "! ^ soms5 are activated - In one general approach, involving PEG polymers, the terminal 
OH groups are f.rst oxidizes by treatment wiih sodium periodate for 2 hours at 20»C in the dark. After oxidation the 

!o^/om en l' S fem ° Ved Snd thS liposomes are incubated wiih the effector molecule, e.g. F ab fragments, in the pres- 
ence of 2M sod.um cyanoocrohydride (10 nl/ml) at 20°C for 14 hours. After completing the incubation, the liposomes 
were chromatographed on a Sepharose to remove free (non-linked) effector molecules 
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. '"■ Bloodstream ^ Tissue Retention of I in osomej^^ PF^ospp 

In vivo studies were undertaken to determine the bJorr^vo-m a 
functioned PEG-DSPE End-funclionaUzee I PE^ B<£S% ! and '- lss ^ retenx.on of liposomes containing end- 
attaching a variety of compcunds ^ T^l flroup "•** Can b * USed for 

The percent of gallium labelled liposomes remaining in the bloodstream was determined at 0 15 minutes 1 3 ! »S 

dose A r d s ^s^^^sr for ,abei q ™- The percent ° f the 

rn m Ii!i + b '°° d ti , $SUe retenti °" °' Ga " ,abe!led ' "Vdrazide end-functionalized liposomes having two different lioid 

ii7^^°:z%% in A : ble n A ,,uid ,iposome composition was ^ fr - 

= n was prepared by substituting hydrogenated seL phosX*^ 

li D o^me?H^J n *f^ th6 f I" 1 '?" ° f 1hS lip0S ° me com P° sition d <^ not affect the biood retention time of the 
liposomes. However, the fluidity of the hposome composition does appear to affect the tissue distribution of the end 
unct.onal.zed liposome. For example, rigid liposomes are preferentially retained by liver spleen and bone tilue FluH 
hposomes are preferentially retained by the kidneys, heart, skin and muscle tissue 
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Table 3 






heart 


0.36 ± 0.037 


0.77 ± 0.21 


lungs 


.62 ± 0.23 


0.58 ± 0.03 


skin 


.086 ± 0.03 


0. 16 ± 0.08 


muscle 


.08 ± 0.03 


0.29 ± 0.02 


bone 


.28 ± 0.09 


0.04 ± 0.01 



IV. Therapeutic Effector Compositinn^ 

^JSSSS^S^ embodimeRte of the s,fec,or composition of the invention ' and their iniended 



use as 



A * Compositions for Fina ncing an Immune Resp ond 

In one general embodiment, the effector in the liposome composition is a molecule capable of enhancing an 
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immune response when administered parenteral!/ 



of SjK^^ C T ,ta I" 56 ' 35 3 PaSSiVe VSCCine t0 Pr ° vids hu ™ ral ^inst one 

rlponse I a gfentnSn 9en,C ant '" nS - ^ iS ad ™ istered to "W"" • -aJned immune 

The vaccine effector composition is administered intravenously shortly after exoosure to or shnriiv h<™ 
£2? Si ZV^SSTi C ° mP0Siti0n iS Preferab,y ^ « Sond 

v ^SS l ^ '!: mer0US therapi6S f ° r the Dreyention and of human immunodeficiency 

f . ^ ' mmUne deficienc V syndrome (AIDS) have been proposed These therao es ir 

flZl wLZ s < I prccess ? virai inf5Ctica Frequen<ly ihe ^ M * ^SSS^JSS!^ 

ide Sec? S Tl- SUCh 35 A2T 3nd D0 '- The admin »n of these drugs is accompanied I by toS 
side effects, since the replication process of normal cells is also affected 

with 235S5 jhJ n n PTOCeSS ,° f To o nfe -° n WhiCh is tar96ted in thera PV is viral a «achment to ceils. HIV binds 
Sly Sn Secom slicZtZso^ cT * meCnanisms ** -derstood. the CD4+ cells even 
Hivfnto^ , ♦ receptor Powers have been administered intravenously to 

SS5SS er ° f 3 Patiert ' S CD4+ T ceil Heretofore thl the apj 

xt:^«s;SKs? cleared from circu,ation in the blood stream ' and 

nni^ 6 ^ 0 ' m0 ',l CL " e in !WS embodiment is a soluble CD4 receptor polypeptide capable of bindinq to the 
E2r V T ? Uman im ™ nodeficienc y ™us (HIV) to prevent binding <* hi! to Cd£ Tel Ina ™ er 2 

ss^^r^ of CD4 is accompnshed by coupiin9 — - cd4 *~ 

period* timf 'f^™' 3 ? 9 "P 030 ™ 1 ^position will remain in the blood stream for a longer 
period of time. The CD4 erfecior composition can be administered intravenously during early or late staoes of HIV 
infection, mostbeneficially in combination with other drugs used in A.DS therapeutic solhat HIV parses bound 

posi tions A2 and DDI are examples of ant-HIV drugs which may be encapsulated in the liposome co m - 

streamcS^nrr 31 ", 0 " be adminis,ered intravenously in a dose equivalent to an effective blood 

Syat iS^TESJliS miC t r0m0,ar ? 0S6 t Of 5 " 4 ° m9 CD4/kS b ° dy WSi9ht Can be ^ministered, typi- 

dXrxzs ss^ssr* the ,evei of h,v present in ,he b,oodstream beins — 

< 5 tr« P mTn^ a i adVa , n,a f S ° f thi$ com P° silion are the increased circulation time of the CD4 effector in the blood 
SSTcK n, P f > " ' pressn,ation of the effector ™ the surface of the liposomes. Improved aflinite at poly 
valent CD4 p esentat.on has recently been described (Chen). As described above, CD4 receptor fraoments are 
c eared rap.dly by renal filtration. Cova.ent attachment of the CD4 polypeptide to liposomal ca^rs aZ^reni 

S o an J Parm,tS ( CirC r ,ati0 ; ° f P °' yPePtide effeCt ° r c ^P°sition for 24-43 hours in LS^X, 
Add.tionally, the polyvalent CD4-bearing liposomes resemble CD4+ T cell lymphccytes-in that the CD4 onco- 
proteins are presented on hydrophobic surfaces which mimic the surfaces of T cell lymphocytes This presertSon 

ly^cS: % : 2 coy bindins H,v partic,es and h,v infectsd cei,s 

ul aSSSfSf iQ f™ iS£ * immune rRSf M- Some medical conditions are treated indirectly, by stim- 
AIDS chmnfr^ ? I natwa[ l mmune Such c °^itions can include immunodeficiency diseases such as 

AIDS, chronic mfect.ous. and certeun types of cancers. One immunstimulant therapy involves intravenous inSon 
of cylo^nes. wh.ch can acts to stimulate B cell and T eel, immune responses in a variety of lZ ' ° 

The cytokine effector composition may be administered on a short term basis to enhance a Lk i mm , mno „> 

enou^ J I oi ^n^TTr' 1 ^ " AiDS " ^ e?,eCt0r COmpOSiti0n may be Ministered intra 
rp^Ht fn . 7 ? 5 0 m9/kS b ° dy Wd9ht to enhance a n ^monogenic response These doses 

result m an effeebve c-ytokine concentration of about 0.1-1 micromolar in the blood stream. 

B. Compositions for Ri ockino Binding to C ell Raoentnrc; 
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1. . ELAM-1 Binding Inhihirnr As one example inf : ~n *■ 

kocyte adhesion molecule-i (ELAM-1). on the 'Z?Z J^T ?? expression of a Polypeptide, endothelial leu- 
recognizes and binds a polysaccharide moiety on ° f *" b '°° d ELAM " 1 ' in «"m 

mation. By preventing the recognition and bTndTng o^ 

due to conditions, such as repenusion injur, seoi^sho^ °S 1 " > T ' T**" inf, ™ory responses 

In this embodiment, the effector is used to nZlnu* '^mmatory diseases, can be avoided, 

mation in the blood stream. The effector is sialyl L^^l^n^Tf^ ° f neu,ro P hils to **** of inflam- 
tor « covalent.y attached to long-circulating liposomlLomnStl k ^ ' This Saccharide effec- 

embodiment attachment of sialyl Lewis* to lioosom^ i°° 3 ? ? u by the methods describe d above. In a preferred 
idue. The reducing end can easily U S * Z ^^ n S"*^ rt- ^*««^» 
polysaccharide to the liposomal cirter * * DSPE -. PEG P'Won. Coupling of the 

mamtains an effective concentration of the SSStaSTS.!? P °' ysaccharide,s France by the kidney, and 
composition is administered in doses of 1 0 tc SSKjSjEX ^ I? hCUr Period ' The 
close to the site of inflammation. xerograms/ kg body we,ght ,n a timely fashion, intravenously, and 

2. Inhibitor of li - lAc tivitv Asa -amnH t 

torTa^T^^ IL-1 inhibitor, which inhibits .L-Vs immunostimula- 

molecules may be administered to a SS?? dmS °' ' L ' 1 10 Oocyte cell surfaces. These 
leukemic cell proliferation. In this aspect S n ention h l ? ^ f*** ** Cd ° niC infla -^ion or 

of 20 to 50 micrograms/ kg body we^Ton TsZriTm £Tf ^ COmp0sition is administered in doses 
mation. The liposomal carrier composition may asc be ^nZTTT** ^ t0X, ' C Shock or col ° nic ™am- 
the treatment of leukemia y 6 adm,n,sler ed at 1 to 2 day intervals on a long term basis for 

' be emp h , e o; e m d C,eCU,eS « *"* *» **■ " cytokines to specific lymphocyte populations may a.so 

ce„ r T e h c e epS ^o^ binding of endogenous agents to 

bloodstream over an extended period by virtue of blorSn J f f ' ^ Xh& effector is maintained in the 
molecule, in liposome-bound form, provid^greetef £ 2VT T ° ? th6 Secondl * ,ne 

the competitive binding or blocking ^ a5^^« 2^1* the Ce " t ^ S * e ° f {he -epto, Also, 
■ng agent, since the liposomal structure will be disS fx f , S ' te iS Shifted toward the olock- 

number of blocking molecules in the ^J^SSSSL dUe t0 itS iar9er size and 

^^^^x^^^^z zssr- ls us r in the ° f *— 

to inhibit uncontrolled osteoblast division emD0C ' ment ' the efecior ,s Parathyroid hormone (PTH) which is effective 
4 - p ept[<fe In this embodiment the Pffprfnr ic a 

pete with a ligand for a receptor site S on of * ** Ce "- bindin9 and is Active to com- 

ing the infection process ^ il9and - rece Ptor cell-binding event potentially results in arreS- 

general feature of useful peptides is thSr P^l"Tu J 0 *™ 9 ' ^ P6ptide remains ac1ive - An °ther 

One exemplary peptide YIGSR. i en 2 h era ^° amin0 addS are 

tases of tumor, SEQ ID MO:6 is one of the peotideTequenS n ih ^V^T ^ " ^ b '° Ckin9 me1aS " 

oprotein's adhesive properties and is known to bind ft fnl ? am,ni " res P° nsi ble for the glyc- 

YIGSR sequence occurs, is a constituent ofTasemem " hr r ■ receptor - Laminin - *• protein in which the 
the laminin receptor may find their ^ ta^EES C8 " S Which ^--express 
attached and establish metastatic tu^r^SS^CiSTS Tl™ ^ they ^ bSC ° me 
metastatic cells are blocked, thereby inhibiting tumor estabSment ' reCeP, ° fS ° f CirCU ' atin 9 

the eiSSS^SS ? GDS) ^ eXPerimente,,y Sh0 - to inhibit 
YIGSR. RGDS is a peptide sequence inS^Kr?^? °' ^ { ° fibr ° n6Ctin Like 

The infection of lymphocytes bv HIV °Z , > , adhes.on to basement membranes, 

receptor is the C04 £^^J^^J£~* peptide-receptor interaction (Nehete). Here, the 
located in the V3 loo P of g P i 20 . S^^Z^^ST" "'^ The P6p,ide bindin9 sea - uences ™ 
the biding interactions. These sequenced t ^CTh SEO^f*^ ^ ln 

Pseydomoras ce/»cia infections also exhihi, en«rml h 9 SEQ ID N0:S and are snown in Fi 9ure 13. 
P«in protein, which are found on Te bac'erST- S?" 8 ^ C9 " S ;hey ^ {Sajj ' an) - p ^monas 

ble peptides have been disclosed (e g , Sas^.tse) ^ reCePt ° rS ^ h ° S{ Pr ° te '' nS ^ mUCins - Suita " 
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C - Antimicrobial Ccmn^innn 



(Jawetz). Because of the rapid onset of severe seosis ZZln, , 9 Sy5tem ' C S ranvrie Sat!Ve bacterial infections 

The antimicrobial agent which has S^S^S^n^ ^ ^ Stages of se P sis - 
shock is polymyxin B. Because the confound i ^ raS exc-S t h h^'" 9 Sh0Ck ^ in Cases of se P* ic 
treatment. The high doses, unfortunately" can ii to sev' re S cif " P ° iymyXin B ^ ^ effeCliVe 

In the present invention, polymyxin 3 circul-tirn in +L w„ a * 

long-circulating liposomes. The compound is atttJed o lono^f?^- * SeVeral, ° ,d by itS a * achment *> 

methods described above. '° lon S-<'™iating l.poscmal composition carriers by the coupling 

The liposomal composition is administered on a short term h=ci= »» 
prophylactic for individuals at risk of or suffer^ from c 1 IZti ' I I ° SS ° f °- 1 -°- 5 mg/ kg body wei 9 h ^ « a 
position, already discussed, will mir imiae pclZ^ Bs r^?^ ° f th<3 P °' ymyXin B "P 050 ™ 1 c ™- 

The following examp.es illustrate nSS^^^S^"?^ 8 * ^ t0 * icity 
ance with the invention. y uer.vauzeo np.ds and protein-coated liposomes in accord- 



Examole 1 

Preparation of DSPE-PFn.M a i a .w;» 



Preparation of the M aaaggtta^^ bis , aminp> ^ „, 

of a £S^;X 5 S£ ^^^.^s^r*^ bis(amine) and 104 ms (o - 55 — ie ) 

solution (about 15 ml) and 280 ^crmZT^Z^n^ Tf ^ minimum amount of dioxane *» effect 
let to stand at room temperaturT S 4 days tne:hylam ' ne < 2 mmole > were ^ded. The reaction flask was stoppered and 

CHC^C^ 3 "*«* mixture of the following composition 

fV-0.6M.7S. The 2-niiro ben ene uLyl ch.odde w~ 1 Z f ' UOresCence guenchin 9 «** at R.= 0.87 to 0.95 and 
at R,= 0.87-0.95 orobably ^^ XtlZ C, **** * ^ W abSOrbing material 

resented the desired « * ****** dep- 

end ^otT^:^ZT m J :Z ZT r 7 '° ° b;a i n n 2 - 135 9 ° f 9 yS " OW sy -P- « was dissolved in 5 m, chloroform 
ing through thl cdumn! fn sequlce °' ^ ^ cWoro ^ The P raduct was P*"* by pass- 

100 ml 10 °* chloroform O* n 4 

200 90% - IQ% 

100 ml 80*4 

20% 

100 ml 70% 

30% 



IL Preparation of the ImMgzojeCafbamate of the Mono 9 ni#r«K« 

- £s ™ 0T tne ^ ono ? - i2ii£0ben2gne^ u of PEG bisfamin el (cornQoynd iiU 

550 mg (0.15 mmole) of the 2-nitrobenzanesulfonsmiHo r>i per k- / • , 
To this was added 49 mo of carbonvl oTnScl roTZS ? bis < amine > wer * dissolved in anhydrous benzene, 
in the reaction vessel was diSo ac- w ' S^IV , h « J 3 28 miCr0literS (0 2 ° mm0,e > of «ethylamine. The air 
TLC on silica-coated pla^ u^e ^ fl f k sto PPered and heated in an 80 degree oil bath for 4 hours 

mide (Rf=0.7 2 ) had bettn^VncTa ^cX^r% 8h ° W8d ^ ^ ^ SU *- 
was removed under vacuum Th= residup Hi!-", ^ u Y ne absorfa,n 9 material at Rf=0.92. The solvent 

280 mm column of silica which ^^^XSZ Thel^ "* ^T™ ^ t0 the to P of a 

cfroroior m. The rollowrng solvents were passed through the column, in 
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w 



15 



20 



30 



35 



40 



45 



100 ml 100% chlorofo-m n* , i * 

100 ml 90% n ( " COnC * m *° H ln 

10% 

200 ml ao% 

20% 

50 ml fractions were collected and assayed bv TLP th« , 

oS: 0 ^^ 6 ^ fraCti ° n) - WhSn thS P° cted *^1S^S£^? f ° Und ^ ed ° minan ^ in «» 20% (1% cone, 
obtained. Th<s was dissolved in 4.75 mi benzene. e/a P° r -ted to dryness, 475 mg of a lemon-yellow solid were 

carbamideof tbe PEG b fS (amine) dis- 

a, was displaced with nitrogen, the flask S^^SftT? J (0-50 mmole) of triethylaminl The 

cooled to room temperature. DSPP migrates in thpX! T 1ed .' n an 0li bath at 80 degrees for 6 hours. The flask was 
all the DSPE had been consumed. ^S^£^^^ ^ ^ an Rf <* 0-54. TLC indict Zt 
chloroform and placed at the top of a 21 * ?60 mm column .ff VaCUUm ' The residue wa * ^solved in 2 5 m 
passing through the column in sequence' ™ * Si " Ca WStted with chloro <°™ The sample was purif^d by 





100 


ml 


100% chloroform 


25 


200 


ml 


90% 




100 


ml 


30% 




100 


ml 


70% 



10% 
20% 
30% 



M 



If 



50 



The desired product eiuted at 20% (1% cone NM nw \ n ka ^ 
yellow solid with an Hf= 0 .95. Fractions coding i^ T'T** «" Md 358 ^ « « bright 

mrnoies) was 65%. 9 fm,d ^ 0,e *ere not used and the final yield of the product (0.0837 

IV * Pre oaration of the dspf CarbamidP nt ppp k w ■ x , 

About 358 mg of nitrobenzenesulfenamide of tha hqdc ~ u 
solved in 10 m, ethanol. To the solution wen a* ed 4 rt^S?/ f^-netfyco. bis (amine) were dis- 
stand at room temperature for 18 hours T! C analv^ cT ? , 2 m ' 3Cetic acid was allowed to 

another 1.2 ml acatic acid w „ JXnJt Son waS °. T^' deproiection - A ™ther 2.3 ml water and 
Similar solvent system as described abov- a the SeloZ £J ^ ° Vemight ' ° n Si,icate coated «*««. using a 
R,=0.74. The desired ninhydrin reactive, ^^^SS.SSTr matefial at R,=0.86 and 

showed no fluorescence quenching. ' containing material migrated with an Rf value of 0.637. This spot 

The solvent was removed und^r v-ri..im t, 
ml 5% sodium carbonate. The mixture ZTe^^Z^^ 15 Ch,OrOf0rm and with 15 

tracted 2x with 15 ml chloroform. The <J^SS^S^^ Ca * 0n » te Ph3Se Was ™* 

386 mg of wax. TLC indicated that the wax was larartv * ZTm grated under reduced pressure to obtain 

The wax was dissolved in 2.5 m, cnTorofom and " laced oT^T 6 ' " h0Spha,e COntainin 9 !ipid of **• 
form. The following solvents were passed throve co.umn in seZZ ™ *** ^ Wetted With Chtor °- 
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100 ml o? 100% chloroform 

100 ml 90% 

100 mi 80% 

100 ml 7 0% 

100 ml 5Q % 

100 ml o% 



0% {1% CONC. NH,OH in HeOH ) 
10% 
20% 
30% 
50% 
100% 



micromoles) of a viscous syrup. - eva P0^ted to dryness under vacuum to afford 91 mg (22 

v. 

To 18 micromoles of the DSPE carbamide m ppp /« • * 
added 3.5 mg (36 micromo.es) male c % id S " m X s^'^ ^ diSS °' Ved ,n 1 8 m ' *"<**"". — 
was allowed to stand at room temperature for 4 ho^s\h e m,Cr0moles > tneihylamine. The stoppered flask 

all the starting material, had been reolaced by a ninhvd,^ ZlnZ T 6Vaporated - TLC ° n siiica P*** indicated that 

rep ia cea oy a ninhydun negative, phosphate containing material of Rf= 0.79-1.00. 

VI-PrsfiaiMonofJi^^ 

step was repeated twice to remove excess ace" ^S^SS^S ^4? T ^ ThiS 
and passed through a silica column with the following solvltsln sequence *" UR 1 m ' Chl ° r ° { ° rm ' 



100 ml 
200 ml 
100 ml 
100 ml 



100% chloroform 
90% 

SO 

70% 



0% (1% cone. NH 4 OH in MeOH) 
10% 

20% n 

30% 



* set f r ns ™« ~~ 

yellow, viscous oil, which bv TLC migrated w ,h an rToTo S ^TT- ""fL^™ Whi ° h aff0rded 52 m 9 of a P a,e ' 
obtained which corresponded to a yfeld of ^34% phosphate. 12.3 micromoles product were 

Examp le 2 

50 SSKrSS ^.^S'sTcSS T 3 ° f * contains 

ried out at room temperature tor 5 hours under a Z ! ^ ^ y , ^ pro P ,onate ( SPDP )- The reaction is car- 
and the products were redisso.ved l^^ ^^^J^^ ? mwed under ^ P^sure, 
150 degrees overnight and had been orewashed AsKita J>1? 3 9 C °' Umn wWch had been actK/ated at 

product. Analysis on TLC plates indicates ££££ TLToTT^ M h EXamP ' e 1 '' S USed t0 puri * ,he 
phosphate and has no free sulfhydryl grains Whe^n Z '7 M reaCtS ne 9^ely with ninhydrin, contains 
released. V ' 9 '° UpS ' Ahen lhe p,oduc{ 1S trea ^d with excess dithiothreitol. 2-thiopyridinone is 
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Example a 

P reparation of the Aldshvn, nl m gihylgnej inl «^Pg L p Sri: 
1 Pre P3 f ation of l-trimP>hv[5iivlo XV .PFn [compound 



15.0 gm (10 mmoles) of PEG) M Wi ison (aih,;^ n, 

mmoles) of chlorotrimethylsflane (Zurich Chertc^ ld^~ m"* 8 80 m ' ben2ena 140 ml 01 

ture was stirred at room temperature under anTnert atmosphere fori iurT ^ " Was add ^ ^ L- 

w ,t h5 rrrs 

VaC T C ^ P r ide 1583 grams of C0icr,6SS oil which e,/aP ° rated l ° dryness under 

as deve.ope, ^T^Z^Z^S^ " 1 SfT * ** 1 «*« of water 

was replaced by a material of R,=o 82 An in fi! kX «L£ i * ^ 5 °° (R,=a93) haS been consumed, and 

cols. ' ^ Mn ' nfra red £pectmm rev ealed absorption peaks characteristic only of polygly- 

Yield of 1-trimethylsilyoxyPEG. M.W. 1500 was nearly quantitative. 

ben^TiS inTSth ?c3S£ TS^^f J!"^ 3b0Ve ^ diS50 ' Ved ^ 40 " 
anesulfonic anhydride obtained from Alcrich Chemic", cl ZT ^ ^T* a " d 1 85 ml (1 1 mmol > of MBuoromrth- 
inert atmosphere until the reaction mZfchang JS a brown cdor *" ^ *" ^ 0Ver ^ ^ a " 

with m^c^'S^X^^^ ^ r6SidUa ' SyrUPy P3ste «« to 100.0 m, 
trtfluoromethane sulfony, ester ^^S^^l^S^ ^ MC ^ PUr * ica «° n * * a 

III. Preparation of N-1-trime thylsily l ow PEG i.snr. pp fcojgBound Xljl 

-pT^^ ~ tha ; S 6St6r ° f 1 PEG was 

3.72 ml of a chloroform solution contSS?^ i S^Sf^;^^' 1 ^ 0 - 7 mm °' eS) - T ° ,hiS r6SidUe ' 
microliters (1.0 mmole) of triethylamine was -dri J^JriS ■ } " W3S addea T ° the resultin S solution, 139 
idue. 5 ml dry dimethy/ br^lS^Z^!l?2 50 mrS w " f^T ^ ^ " m T ° the oWained *" 
vessel was displaced with nitrooen The ve™ was'SpH a „H h \^ iamne ( V D was added. Air from the reaction 
was evaporated under vacuum, ^^^ZS^VT" 3 1 1 °* C ** 22 solvent 

rinsed witn S^^SSSK £££ KieSe,9e ' 6 ° — ™» ^ was ^ - 

product was dissolved in 3 ml of the slme^oLn, andT r =n ? , f aC6t ' C add 3nd 5 Volumes of wa4er - Th ^ crude 
matogram was developed with , h ^ s^Xrtsl^n° T * ° ? ^ chromato ^ column. The chro- 

The TLC assay system used ^£!^J£££ Zh TT W8r8 each * TLC - 

40/25/5; v/V/v. Iodine vapor absorption served iS vSi^inn 7 1 T ' Comb,nation butanone/acetic acid/water; 
1500 PE appeared at R l= 0.78. Unchanged 7pe iZ^T^ o J ^ th6 ™+*«*>*»*W PEG 

The desired N-Hrimethylsiiyiaxv PE^ 1 w pp ,,,~e> ~ 

IV. Pie^aratignof^ ^gt^ieng 0 , lvcvl 150 n . pg fr-nmnniinri Ym 

polyglycol-like materiai formed during L hydratyTis ^ indica,ed 1hat some PE and some 

The sss'ssrs i° of : r^rr ted wi,h 3 mi of a ^ * — — « ««, v , 

bonded phase silica gei and columns deXed wZthf T^f 3 ?''' abS ° rpti ° n C ° Iumn packed wiih °^cyl 

portions of effluent. The effluent was a^^S^llS rfr" p ^ ^ V °' Ume ' C ° ,,eCtinS Sec > Uential 20 ml 

ss n yec oy reversed phase i LC. Fractions containing only product of Rf=0.08 to 



19 



EP 0 689 428 B1 



0.15 were combined. This ws= rvni^iK/ or -™ 

these portions afforded 33 mo t^ ^^T ^ ^ ^ M to *>™ 
Phosphatidyl ethanoiamine. " ' ' -orresponcmg to a yield of only 3%, bas 



ess, under vacuum, 
ed on the starting 



was 



NMR analysis indicated thai the product inoomoratad hoth pc ■ ■ 
used for a preparation of PEG-PE liposomes S ' CU£S and ?EG residues - ™* Product prepared 



V Preparation of the Aldehyde of *ZG£SPE!&mmD6m 



The free hydroxyl group on PEG derivatized by DSPE can be odrWi »„ *, 
ing manner prior to incorporation of the linear ooivmers \ntn hL2£ ?u corres P ondin 9 aldehyde in the follow- 
mmole), which is prepared as in Example 3 TaS^c ' ,pOSOm f < Hams >- About 2.7 g PEG1500-DSPE (1 

for 30 hours at room temperature. At this po.nUha r^onlfvi ° anhydride in 15 ml dimethylsulf oxide with stirring 
vent is evaporated under reduced pressure 8 ' S n6U<raiiZ6d diluts sodium hydradd., the sol 

to SUCCeSSiVS 1 ° m ' POrfcnS * - -trifuged 

is re-dissolved in 5 ml ch.oroform and ransfe" = ' o th " a o "2° ^ Under Vacuum t0 obtain * wax. The wax 
reform. The column is deveiooed by pasJS w ^ o^ZZ V "S? m C °' Umn ° f Silica 9 el moisten* with chlo- 
sequence: ' 1 ^ m '°° ml °' solvent ,hr °ugh the column. The following solvents were used in 

Volume % n „ 

^rolorrn 2 % ConJ I Methanoi Containing 
2 Ammonium Hydroxide /m^h^n^i 



100% 
95% 
90% 
85% 
80% 
70% 
60% 
50% 
0% 



0% 
5% 
10% 
15% 
20% 
30% 
40% 
50% 
100% 



Separated 50 ml fractions of column effluent are c= av(ari T h* *, *■ 
C13 reversed-phase plates. TLC plates ^l^^^^ T ? ^ C ° ,Umn are se P» ^ ^LC on Si- 
Matron is done by exposure to iodhe vapor. ° ° f eth5no1 mixed with 1 vo ^ of water. Visual- 

Only those fractions containing an iodine-absorbtnq field of R ahmrf n on 
ness under vacuum and dneC in high vacuum to I t about 0.20 were combined and evaporated to dry- 

Example 4 



foxvlene) f Cnm. 



a-hydroxy-co-carboxy derivative of PEG Ocxiy^ to n -i » 
dissolved in methylene chloride-ethyl acetate £ 5 i -S Th TTfl N - h ^ rox ^ uc *nimide (0.23 g, 2 mmol) were 
dicyclohexylcatbodiimide (DCC) (0 25 q ^ 2 Jndin pIL, w u C °° led ° n ice - water bath and tre£ ^ with 
tion became cloudy as ^J*™* (1 m ^ Wi,hin a few »**«■• the solu- 

evaporated into dryness. The polymer w, s <" he reaCt '° n mixture was ,i,tered from °CU and 

(70%). Titration of the product Z^™^^^™^ and f «™ over P 2 0, Yie.d: 1.5 g 
value). H-NMR (CDC!-) nert? s.WH in J , , ( f "P 8 ^ 1991 > saw* 4.8 • .10- mole/g (104% of the theoretical 

ide (5 - 2.84) also triplet SS ^S^ 27 ^^^7? S ' n9letS °' P£G (S = 364 > and N-hydroxysuccinim- 
isopropanol was also presents = i 20 .3 J - 5 Hz) 9r ° UP ° f Glydne residue ^ = 4 33 > s °™ 

^^^^ZT ( Z^^^ Q i0 V; 0 2 ^ W9S «*" t0 DSPE (0-14 a 0-185 
heated on water bath at 55"C for S m nu^ S,Z I I ' T °- S6 mmo,) ' After mixin 9 mixture was 
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hydrin yet like excess of PEG was readily visualized by iodine vapor. The solution was treated with an equivalent 
amount o acetic acid to neutralize the TEA and evaporated into dryness. The residue was dissolved in water and eTen- 



Example 5 



Preparation of OSPE-PF ^-Hvrirazide (Comr-o! ;nd yyvii) 

1 Preparation of ^-Hvdrny y Acid Derivativp nf PFq i "- (Hydroxvethy lWrt 
p.qlyf QxyethvleneV Comp m g^^tXjmlXXijfl 

driedTJiX'olr'r^r^f I 0 ', 4 " * 42 mSqUiV ° H) iS diSSOlVed t0 ' Uene < 200 ml » and -eotropicaHy 
^SS™^^-?^ J " ,SOCyanOt0acetats < 23 ^ 21 mmol) and triethylamine (1 .5 mi, 10 mmo!) 
=n ™ TJS ? t f Ut,Cn ,S eva P° raled to dryness. The residue is dissolved in 0.2 M NaOH (100 m l 

and any traoe of toiuene ,s evaporated. The solution is maintained at pH 12 with periodical dropwise additions of 4 M 

m^^^ P m, ,B S l !!? 8d 3t , PH ' >2 ;?f. S ° IUti0n iS addified t0 P H 3 -° and the P rcduc * «B extracted with 
me hylene chloride (100 ml x 2). i LC on silica gel G isopropyl alcohol/H 2 0/conc. ammonia 10 2 D dives a tvnical rhro 

2S - 3 0 Sa^'f " ff;? ,ipSky ' 19S0) COnSiStin9 ° f LeaCted PEG < R , ■ S -no^atS 
derivative (R f = 0.55) and d.carboxylated der,vat,ve of the polymer (R, = 0.47). This solution is dried over (MqSO,) fil- 

f fi tSESL ? ' S ,f ° nt0 DEAE - Se P hadex A -25 (115 ml of gel in borate form). After the underlined PEG 
nt ™-° ff ? C °K IUmn T'" Water {COnfirmed by ne 8 a *« Polymethacylic acid (PMA) test. (Zalipsky. 1990) gradient 

™? ♦ , y ° mCn ° aC,d 35 determined b y and TLC tests. These fractions are pooled together 

Th Tm S ° * '° m '' aC,di "' ed 10 pH 2 3nd ex,racted witn meth y |ene chloride (50 ml x 2). The cS 2 sSon is 

Titration of carboxyl groups gives 4.6 • 1 0" 1 mequiv/g (97% of theoretical value). 

II. Preparation of Compound XX X 

in rS^TS^ ff de,iv 5 live of PEG V 5 9. 2-38 mmol) and tert-butyl carbazate (0.91 g, 6.9 mmol) are dissolved 
n CH 2 CI 2 -ethyl acetate (1 :1 . 7 ml). The solution is cooled on ice and treated with DCC (0.6 g, 2.9 mmo ) predissolved 

ItoS IZTT mi ? !e - 30 miRUtSS ,hS iCe b3th is remwed ar ' d the rea * ion is aI — d to proceL for L n 1S 
27L 1 The ; eaCt, °? miXture iS iilterad from cficyclohexylurea and evaporated. The product is recovered and puri- 
"ed by two prec.pitat.ons from ethyl acetate-ether (1:1) and dried in vacuo over P 2 0 5 . Yield: 5.2 g 98% TLC oHhe 

fs°PEr 9 ™?r!h R| ( = inS ' ead °' St£rtinCJ ma,eri3i < R < - °- 55 )- (CDCI 3 ): 8 1.4 (s 1 Bu, 9H); 3 64 

£ ?u ? (br ' d ' ' = 4 ' 5 ' CH * °' Gly " 2H): 4 " 24 (t ' Ctb-OGO-Gly. 2H) ppmNc Ar (CDC! ): 5 28 1 -Bu) 

' CH2 ° H); 643 ^^H): 693 KHCHaOCONH); 70.5 (PEG); 72 4 (QH CH 2 OH) 81 0 
(CMe 3 ), 15o.1 (C=Q of Boc); 156.4 (C=Q of Giy urethane; 168.7 (C=0 of Gly hydrazide) ppm. 

III. Preparation of Compound XXXI 

anri B «+ydra»de derivative of PEG (5 g. 2.26 mmol) is dissolved in pyridine (1.1 ml), CH 2 CI 2 (5 ml) 

and 25 f h } W ' th diSUCdnimidyl carbonate 0 -4 9. 5-5 mmol) at 25°C overnight The solution is f tered 

chm^nn " h J° C0,t T Sthy ' 9ther 000 The P reci P^^ product is dissolved in warm ethyl acetate (45 ml 
Yte d 4 8 oTn? " ed - ! ^; ume K of ^ *t- The precipitate is collected by filtration and dried /vaco over P 2 0 .' 
I rpH h! ?w , ? UCCI T 11!dyl carbonate 9'^ps content 4.15 • 10"< mequiv/g (98% of theoretical value) was detef- 

r 7 9 d t Ih C H OCO "s T I ^ h T (C ^ 3 i : 5 1 - 46 (S ' 9H): 2 - 83 (S ' ^cinimide); 3.64 (s, PEG, 178H); 
ppm. CM2CH2 ° C ° 2 - Su) ' 3 93 (br °- J = 4 - 5 ^ CH z °« Gly. 2H); 4.24 (t. CH 2 -OCO-Gly, 2H); 4.46 (t. CtfeOCOa-Su) 

IV. Preparation of Compo und X>rxii 

hvHrl^T' 6 ° SPE -. PE,3 ' h y drazida a slight excess of succinimidyl carbonate Boc-protecied PEG-glycine 
hydrazde, prepareo above, ,s reacted with DSPE suspended in chloroform in the presence of triethylamine. The lipid 
denvattve ,s quickly (5-10 minutes) soiubiiized in the process of this reaction. The excess of heterobifunctional PEG is 
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removed by dialysis using 300,000 MWCO cellulose ester di-lv^ m * ~ - ^ 

jugate was subjected to conventional Boc««p,<^ 0 T^£ Uuur^ ^ ' ipid Con " 

purified by recrystailizaticn. H-NMR (CDCI 3 5 c 33 ft H S ! ^ 30 minUteS > and then f ^ther 

(, PEG. 180H); 4.0 (,; 4.2 On »*^^S25£ l^Z^ *«« ** ™ 
Example 6 

1. ^^^^l^S^^^T^ P««8Pg was prepared as in Example 

formed essentially by monitoring the development of h r^t f! aSSayS With °- nitro P hen W galactose were per- 
nanometers in 0.1 N sodium hydroxide TheaTS ^efo^^tT^ T^T ° f 4467 * 413 

nesium chloride, 50 mM beta-mercaptoethanol and I sTmiJ f u $ ° d ' Um P hos P hate P H 7.3, 1 mM mag- 

tored for 10 to 15 minutes in the linear range of the assay. °' mVqphen * 9a,act0Se and P roduct was rncni- 

^rrszts^rrr «- *? <* « - «- «** ~*~» 

b z~o oy _xtrus,on through a polycarbonate membrane to 200 nm. 



Sable 4 




where a-T = a-tocopherol (antioxidant) Ch = chnlp<;torr,i pp ~~ „ 

maleimide derivative of PEG3500-OSPE and PG = f £ X h y dro 9 enated ^99 PC (IV 40). crosslinker=the 

were "spiked" with a 3 H-DPPcta C er ^ e total ^JSSTT^ addWon a " lipoSOme Potions 

sodium phosphate pH 7.2, 50 mM sodium Side Z S " "* after h * dratol in PB S ^ mM 

0.5 ^^S^^ re 0 ' 0 " 0 " t l ° ^ ' iPOSOmeS (,ina ' >"* — ^ = 

was then guenched with ?o mM ^ZZZ ^^SS^^^^' "™** -ss.inker 
unconjugated protein by flotation through a m^rizamide nrZZt lTT , J Liposomes were separated from 
and transferred to an SWeCTi tube 20% met^Z ^ J ! P ' S W3S bf0Ught t0 30% < w/v > ™<"'*amide 
aqueous interface. Gradients weJcent^uged at™ motZZ t? t PBS ^ Sdded ° n t0p t0 provide an 
visible at the PBS interface was coTeS and tifL ^ , 3t then each liposomal band . easily 

against two changes of PBS ^ Sl^ d ' alyS ' S "*"'• ° ia,ysis proceeded ^ernight at 4«C 
significantly even at 1% (S con C » n metn2am ' de was necess ^ b ^ause it inhibits p-galactosidase activity 



Example 7 

Liposome Blood Lifetime Measurep 



BeQfe^Ujyaaad e.End-functionaliye d PEG Linnsnm 



es 



es 



I. Preparation of lA^azjd^ndrhjactio^ 

^T^l^;Z^S:%tol?E L nd - fUnCti0na ^ d WUh 3 hydra2ide <W a " d —WE was pre- 
cholestero, in a lipid:,i P id:<5 ^ra^Sou o" ^sTss^?^^ hydr ° Senated ^ PC < PHE ^ and 
tion occurred in the presence of d-sferal mesvla ML 1 1 P ' d m,XtUrS W3S hydrated - Generail * "P id Mra- 

feral by gel fi.trationwith ^-^^^^^^T? * °' 1 miCr ° n ' "* ™ wl ° f des- 
during passage through a Sephadex Q^^SZ^'SST^ ' Unencapsu,ated Ga was ™ d 

o ou gei exclusion column. Both compositions contained 10 micromoles/ml in 
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0.15 M NaCI. 5 mM desferai. 

A second .ipid mixture was prepared in a similar manner but with HSPC instead of PHEPC. 

retroobital bleeding at defined times. The JS^J^^X" ^ B ' 0od were obtained by 

tafton. The weight and percent of the injected dose^n each S 2T« ? " 3nd iiS5U6S removed for ,abel ^anti 
^'Ga^esferal loaded liposomes and ritoI^i!S^Xf^ , ^ -a studies were carried out using 
dose remaining in the blood at several time points uptoT^ouS SS t™^ £TT "h* ^ 

iea tlssu es at 24 hours was determined 

Plasma Kinetics of Hydrazi de-PEG U oosorngs 

•JH=5 .TSST 3 rSr^ L~ 57 °f" — « « *» after in.ec- 
percentage of the amount measured immediately rttaSJS? J22^T* n ' nB ? *" bl °° d ' * s • 

1 5 hours, and nearly 30% of the injected materia, is pJ^^SSSS^!^ ^ 3 ^ * ° f 3b ° Ut 



B. 24 Hour Tjssue Levels 



Studies to determine the distribution of Gallium lahoii^ r 
.iposome injection, were carried out. The KpSme ^SZToT^ ^ ^ 24 h ° UrS ^ **™»* 
rema.n.ng in tissues 24 hours after intravenous «!^S^J^^S^ !V h animals ' ^ P«-« dose 

Claims 

bloodstream by renal clearance in free to™ coraWsTno^ ""f^anr. " «hteh is rapidly removed , rom , he 

ymar chains and said eifeclor ^3T?T'iT''""' M *" M " su ' fi " :e laye ' <" hy,lr °e hfc P" 1 - 

bound to the surlsea of ihe liposomes. d <* dolyaihylene 9 lycol chains covalenby 

2. The lipoaome composi.ion o, olaim , . „„ erein lh . e(fect „ „ „ laaM „ m m ^ ^ 

8 : 5!KrS££rsS ST ISSUES' * huran ta — *» <H'v)i 

(c) a polysaccharide which binds to endoiaS touto«,, ,rth "T reSP '" B ' S ^ Sut * ec,: 
naion ,ei a ,ed to neorrophl, , e „ ultment and ^n»„Mo„ " ' (E "" 1 "* « * 

(h) a pephde lor innuing a ligand-recaptor oell-bioding a, s „t. 
" Z5ZZ%££?££" * -* - «** — » «otoe,ia, iesKoc. adhesion 

4 ' sodac, 

5. A liposome composition for use in treating seotic <?hnrk in a * • • * 

te »e, o, hydrops po, y n,r oha,„s and a^TOSraST — 

present in the bloodstream. y aD 9men ' nav,n S neutralising activity against the pathogen 
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ing in free form in ^JSS^^^S^ " wf^ 33 * e harmscol °^ "flent when circulat- 
form, said effector being covienS attach^ ^ ,2 Z *■ T T 0m blcods1ream ^ renai cl ^n<=e in free 

comprise encapsulated d£ TtL manuSLr^ ml' Wherein the lipOSOmes do ** 

tor. - ^^ure or a med.cament icr treating a disease condition with said effec- 

8. The liposome composition of anv one of claims imc», ( h. * , . 

selected from the group censS of oo ivSZn^t f ^ ° ^ ? ' Wherein said Polymer is 

zoline, polyhydroxypropyrmJhSvhm2r!n r l y ' Z^"*^*™* Polymethyloxazoline. polyelhyloxa- 
coflc^,Lide^S!.S"S2l B ^ P0,ymethac ^ l3m ' de . Polydimethy,acry,amide. po.y.acticacid. po.ygly- 

9 2 srss ^r«tr^s«^ chains are ~- *- — 

Patentanspruche 

1 ' Po's^ eines Patienten mit einem Polypeptid- oder 

der jedoch rasch aus dem B^Sdu^ ^ FOrm im B ' U,5tr0m zirku,iert ' 

setzung Liposome umfaflt die <= ™ TauRprp nnl^ ! u u 9 freier F ° rm ent2 ° 9en wird ' weiche Zusammen- 
ten Effektor kovalent an de^ ^!s Sen ^^^ZS™^*?" hydr ° phi ' en Po, y merketten und *" Q*»nn- 

U. dem der Fc mJ^^^^S^S?" 'IT*? f UfWSiSea W ° b6i der EffeWor kein Antik0r ° er 
der OberMche der UpLZZZZTs^lT Pol ^englyko. k etten gebunden ist, die kovalent mit 

2 " ^*™ Z ™™*™^ n3Ch AnSPrUCh 1 ' We,Cher d * E «^or aus der Gruppe ausgewaM ist. die 

%^^r^^^^ BShand,Un9 dSS - - durch das 

. K£££2Ei; 0de '' Sinem 2ei,Wachst —^ »* Verwendung bei der Stimu.ierung einer .mmunantwort 

wendZ ITtTvT T ChSS ^ endotheliale * Uukoayten-Adh.sionsmo.ekOI (ELAM) bindet 2 ur Ver- 

6 and ' UnS S!ner Ent2 ° ndUn9 im hang mit Neutrophilen-Rekrutilng und 

(e) PollmSolT Po'.-,^' 2U L B n ehand,U ' 1S eines Patien * n « Erzielung von Immunantwort-Suppression- 
m 2em Sow h °^ apePt,d ' ZUr Behandlun 9 ^es Patienten bei septischem Seta* und 

W einem Peptid-riormon, zur Behandlung eines Patienten zur Regulierunq von Zellwachstum- 
(h) e,nem Peptid zur Inhibierung sines Ugand-Rezeptor-Zellbindungsere^nSTes 

3 - s^ss^rs K£b^ r* er das po,y ~ das an das endot ^ e — 

und Sialy, ^^^^^^Z^^~ *~ PCymerketfen 

k e«en und Po.ymyxin B ^^^2t2^~~ ~" — 

" einer Entzondung durch ein Pathogen, we, 

unde.AntikOrperP^^.ntm^ 

' - eine & u ? re Oberf.che aus hydro- 

y. c M uu uaer roiysacchand-Erfektor aurweisen, welcher Effektor als ein phar- 
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Nierenausscheidung in treie'orm ^ " ^ 

genannten Ketten gebunden ist und wcbei die t^cso™ Ln ! I * n dis dis{alsn End ^ der 

stellung eines laments zur B^nji^^^^f ArZn6imitte ' UmfaSSen ' die Her " 

^'^Knensc-s^nds mit dem genannten Effektor. 

8. Die Liposom-Zusammensetzuna nach einem der An-ywwh* 1 c • 

cher das genannte hytiroohile Polymer aus^er G^nnl „ °° er ZUr Verwendun 9 nach Anspruch 7, in wel- 

nylpyrrolidon. Polyithyioxa 2 <2 ^dyeth^S ^SSSS'* * J""* tUK Pol ^engly k ol, Po.yvi- 
Polydimethy.acrylamid, Poiymilchsaure, F^EEi ^SS^ ™ymethacry,amid, 

9 



Revendications 
1. 



«on sanguine, mais q ui est rapidementS t Itt:!?.™ 1 ?!"*"^ 
comprenant des liposomes ayant une couche suoerfwiJo »1- ■ 9 w P c!airance renale sous forme libra, 
effecteur lie par liaison covaiente « SS3*5S2^"7 ^ P °' ym6reS « 
anticcrps manquant de la portion Fc ^mS^^T^^ dmB '' effecteur n ' est P» un 

liees par liaison covalen.e a la surface des Hpotomes ^ d ' Sta ' e dSS ° haInes P^thyleneglycol 

2. Composition liposomiaie selon ,a indication 1 dans lapue.le reffecteur est choisi dans rensemUe comprenant : 

^iSSSSSSiS w on dans le traitement du ^ pour une infection par ,e virus du 

nS°tpatint * Ce " U,3ire ' ^ *™ >* stimulation d'une reponse immu- 

Rsfts^? sszzsszssz* r ieucocytes ~ ^ ^ u« isa . 

sus ; .ni.ammat.on apparentee au recrutement des neutrophils et a ('infiltration des tis- 

5!!3S^ nL - 1 P ° Ur 16 tratemSnt *" *» ,e but driver a une suppression de ,a 

PS - ^ patient; et 

(h) un peptide pour inhiber revenement de fixation 6eto^T^^Z^ 

liaisoncovalentaaux exWmte^'S^^ 0 !"- ' hydr ° Phi ' eS 6t Sialyl " LewisX iie ^ 

5. Composition liposomiaie pour utilisation dans letraitempntrti.rtw.- 

somes ayant une couche suoeriicielle J»rfe ..« I l - ^ Pt ' que Chez un patient - comprenant des lipo- 
-iaison covalente aux a*ilSS2l?SS^ 1 3Sr ' VmereS hydr ° Phi ' eS et * ' 3 P °' ymbdne B " ee " ar 

6. Composition liposomiaie pour utilisation dans le traitement dW im*^ 

comprenant des liposomes ayant une surface e«Z?Z»Tl™ f ° n P3f Un m ™°-«Q*™™ pathogeny 
corps F ab ayant une activite de neutralSo L w neS P ° ,ym * f es h y dra P nil ^ et un fragment d'anti- 

sanguine. neutralist v,s-a-vs du m.cro-organisme pathogene present dans la circulation 
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w 



ccvaiente aux extremites disiai^s cip^iita<= -h-?-^ r S 

3. Composition liposomiaie seion I'une quelconque des revendicatinnc i * c «• • 

dans laquelle lepolymere hyrirophile «st choki ^-n! i-L Lf °' ° U ul,,lsa{|on selon la revendication 7, 

rolidone, la polym^oxazciinf ^ ,e Po'yethyleneglycol, la polyvinyl 

mide. le polydimethylacrylamid^ 'l ^SSSS^i \l P f " yd r y , pr ° PyimSthaCrylamide ' le P^hKrji- 

y / ce, ie po!y(ac.ae ,c.c„que), le polyOc.de glycolique) et les celluloses transferees. 

9. Composition liposomiaie ou utilisation selon la revendication a of, i c = ■ ■ ■ 

chaTnes de oolyethylenealvc-l cnt „«- m-c« e/ *™«°n 8. ou les cha.nes pclymeres hydrophiles sont des 
. yetny.enegl/c.1 e. ont une m„sse molecula.re comprise entre environ 1000 et 10 000 daltons 
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